of the observed column ratio (C1ONO2 + HC1)/HF as an indicator for chlorine activation. Current measurement uncertainties limit the degree of activation which can be unambiguously detected using this observed quantity, but we can determine that chlorine-activated air was observed above Aberdeen (58øN) on 6 days in late
Models
In this study we have used a 2-D radiative-dynamicalphotochemical model and two versions of a 3-D chemical transport model.
Two-Dimensional Model
The 2-D model has been described by Kinnersley [1996] . For this study the stratospheric chemistry scheme The species HF, COF2 and COFC1 were added to the 2-D model in a similar way to that described by Kaye et Table 1 ) would yield a total atmospheric burden of 1.63 ppbv fluorine (and 3.6 ppbv chlorine) at steady state. The long-term evolution of the chlorine to fluorine ratio in the stratosphere depends on the composition and relative abundance of these source gases. the variability observed in the column data is removed.
Recent
The HC1/HF ratios at Pasadena and the Jungfraujoch, Hence these uncertainties are considered to be random and are combined in quadrature to give an overall precision for a single observation. This is added to the systematic error in the line parameters to give the overall la uncertainty. 
Average Ratios of Observed Column Abundances
Averaging a series of N observations will greatly reduce the random error in the data. However, the series of observations may contain real dynamical or chemical variations in the observations and so averaging over these variations may not be meaningful. In Tables 4-6 
Numbers in parentheses are number of days of observations contributing to each mean.
high-latitude stations there is also a general decrease in the HNO3/HF ratio through the winter and spring. Table 3 ) of a typical ratio of 3.5.
Model Results

Two
contributes significantly to the model HC1 column. In addition, there is evidence that standard 2-D models overestimate HC1 (and underestimate C1ONO2) in the lower stratosphere [Dessler et al., 1995] . This is sup- , 1997] . This was combined in a quadrature with the 7.5% uncertainty in HF to give a 13.8% uncertainty in the ratio (see Table 3 The ratio of column HC1/HF can be affected by vertical ,notion on both a long seasonal timescale (e.g., due to wintertime descent at high latitudes) and on a short timescale (e.g., due to local variations in the tropopause height). Figure 13 shows profiles of certain species at 67øN from the 2-D model run. The upper stratospheric ratio of the HC1/HF mixing ratios is about 2.35. The ratio of the HC1/HF columns is larger than this, however, due to the relatively larger abundance of HC1 in the very low stratosphere. Accordingly, the increased descent in December relative to June causes a larger increase in the HF column compared to HC1, so the HC1/HF column ratio decreases from 3.4 to 3.2 (Figure 7) . Short-timescale vertical motion (e.g., variations in tropopause height) could also affect the column ratios. However, simple estimates based on the profiles in Figure 13b show that this will be small. Vertical displacements of the profiles by + 3.5 km only changed the column HC1/HF ratio within the range 3.37+0.03, the (HC1 + C1ONO In the future a large number of ground-based observations will be made as part of the NDSC and other projects. In order for the whole network of groundbased sites to provide consistent data with which to constrain 3-D models, the errors in the retrieved columns need to be reduced further.
